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DEVICE AND METHOD FOR THE STORAGE, TRANSPORTATION AND PRODUCTION OF ACTIVE FLUORINE 



This invention relates to the transportation, storage and 
production of active fluorine from safer sources and forms and in 
particular, but not exclusively to chlorine based active 
fluorine. 

Active fluorine sources have many uses in industry. These 
include its use as a specialised fluorinating agent and rocket 
fuel as well as a high performance cleaning agent due to its 
extremely reactive nature. They can also be used to enhance the 
anti -corrosion properties of metals. 

In semi-conductor manufacture they are used for etching 
silicon and as a cleaning agent. Semi-conductor and liquid 
crystal manufacture give rise to silicon and silicon oxide which 
adheres or deposits on the manufactured units. This material is 
effectively removed by active fluorine. 

However, conventionally used sources of active fluorine in 
their form ready for use are highly dangerous substances and 
consequently there are exceedingly strict transportation 
regulations. The dangers with active fluorine sources arise from 
the fact that at room temperature and pressure they tend to be 
extremely reactive. Organic substances for example will react 
immediately with many active fluorine sources and ignite. Many 
active fluorine sources also react violently with water giving an 
emission of toxic fumes. Additionally many active fluorine 
sources react with any moisture in air and on contact with body 
tissue produce substances which are both toxic and corrosive to 
the body. Active fluorine sources are not only a toxic hazard 
but can also be a fire hazard. 

Presently active fluorine sources are stored and transported 
in relatively small pressurised cylinders. 

The present invention seeks to overcome the above-mentioned 
problems by providing a device and method for the provision of an 
active fluorine gas source at che point of use which is 
convenient and safer to store and transport . 
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In accordance with one aspect of the present invention there 
is provided a device for producing active fluorine comprising : - 

i) a transportable vessel containing a solid alkali metal 
f luorohalate, preferably tetraf luorohalate , 

ii) means for heating the solid alkali metal f luorohalate , 

and 

iii) an outlet from the vessel from which the active 
fluorine gas produced on heating exits the vessel. 

The alkali metal f luorohalate may be MXF (n+1) , where M is K, Rb 
or Cs, X is CI, Br, I and n is 1, 3, 5 or 7. A mixture of alkali 
metal f luorohalates may be provided. 

The active fluorine may be or may include F, F 2/ C1F, ClF 3 , 
C1F 5/ IF 5/ IF 7 , BrF, BrF 3/ BrF 5 or mixtures thereof. The gas 
produced may include Cl 2/ Cl , Br 2 , Br, I, I 2 or mixtures thereof. 

Active fluorine consists of highly energetic fluorine 
species, such as a fluorine radical. 

The f luorohalate, and preferably tetraf luorohalate , may be 
bromate or iodate but is preferably chlorate. 

Any alkali metal may be employed. Preferably the solid 
alkali metal tetraf luorochlorate is KC1F 4 , or alternatively it 
may be RbClF 4 , or CsClF 4 , or any other suitable alkali metal which 
may provide a solid suitable for transportation. 

The alkali metal f luorohalate , such as tetraf luorohalate is 
preferably provided in pellet form within the transportable 
vessel. The pellets may be provided on support layers. 

The transportable vessel is preferably a cylinder which is 
adapted to be able to contain the solid alkali metal 
f luorohalate . A nickel or monel lined cylinder may be used. A 
filter may be provided, most preferably at the outlet, to help 
retain the solids. A sintered filter may be preferred. 

The alkali metal f luorohalate may be charged to a cartridge 
capable of insertion into the transportable vessel. 

The heater is preferably an integral part of the vessel so 
that the gas may be produced easily at any point of use. The 
heater may be provided in the form of heat transfer fins made for 
example of suitable metal strips. These fins may be provided in 
the vessel and may extend radially outwards from the centre of 



BNSDOCID: <WO 9827005A1_l_> 



WO 98/27005 



PCT/GB97/03347 



-3 



the vessel providing an effective heat source to the core of the 
vessel. Alternatively the heater may be provided separately and 
applied at the point of use, as required when the production of 
the active fluorine gas is needed. 

An outlet for the vessel may preferably be an industry 
standard fitting or flange. 

The device may be provided with a control system to regulate 
the temperature and/or pressure generated by heating. 

The device may be recharged following use. The device may be 
recharged using material extracted from the waste stream 
following the use of the active fluorine, for instance from a 
scrubber such as a KF scrubber system which selectively absorbs 
the active fluorine in a re-re'leasable form. 

According to a second aspect of the present invention there 
is provided a method of providing a " source of active fluorine 
comprising : - 

i) generating a solid alkali metal f luorohalates , preferably 
tetraf luorohalate , 

ii) transporting and storing the source as a solid alkali 
metal f luorohalate , and 

iii) heating the fluorohalate at the point of use to 
generate active fluorine gas. 

The active fluorine may comprise fluorine alone or in 
combination with any halogen but fluorine. 

The active fluorine may be or may include F, F 2/ C1F, ClF 3 , 
C1F 5 , IF 5/ IF 7/ BrF, BrF 3 or mixtures thereof. The gas produced 
may include Cl 2 , CI, Br 2/ Br, I, I 2 or mixtures thereof. 

Active fluorine consists of highly energetic fluorine 
species, such as a fluorine radical. 

The fluorohalate, and preferably tetraf luorohalate , may be 
icdate or bromate, but is preferably the chlorate form. 

Any alkali metal may be employed. The solid alkali metal 
tetraf luorochlorate to be produced is preferably KC1F 4 , but it 
may alternatively be RbClF 4 , or CsClF 4 , or any other suitable 
alkali metal tetraf luorochlorate . 

In order to produce active fluorine from the MC1F 4 , (where M 
equals alkali metal) contained within the vessel, the solid is 
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heated to a temperature at which the MC1F 4 , decomposes to form 
active fluorine gas. 

The solid alkali metal tetraf luorochlorate is preferably 
heated to a temperature of at least 90°C or 100°C to cause the 
generation of active fluorine. Alternatively temperatures of at 
least 130°C / or at least 180°C may be used. Preferably a 
temperature of 90 °C to 300°C or 325°C is used to decompose the 
alkali metal tetraf luorochlorate to form active fluorine gas, on 
demand . 

Preferably the decomposition is carried out in a vacuum or in 
an inert gas stream or merely in the presence of active fluorine. 

According to a third aspect of the invention we claim the use 
of alkali metal f luorohalate , preferably tetraf luorohalate , as a 
transportable and/or storable source of active fluorine. 

The use of alkali metal tetraf luorochlorate as a source of 
active fluorine is preferred. This technique offers significant 
safety advantages as the inventory of free active fluorine is 
kept to a minimum. 

According to a fourth aspect of the invention we provide the 
use of active fluorine as a cleaning agent and/or etching agent. 

Preferably the active fluorine is produced using the device 
of the first aspect and/or the method of the second aspect. 

Preferably the active fluorine is used for cleaning chemical 
vapour deposition equipment. The active fluorine may be used for 
removal of silicon and/or germanium and/or copper and/or 
compounds thereof, from semi-conductor manufacturing apparatus, 
liquid crystal manufacturing apparatus or associated accessories 
thereof . 

The removal of silicon is particularly preferred. The active 
fluorine may be used for etching silicon, germanium, copper or 
compounds thereof . 

The active fluorine may be used to clean other apparatus or 
equipment or locations, such as piping. 

According to a fifth aspect of the invention we provide a 
method of cleaning and / or etching comprising producing active 
fluorine by the device of the first aspect of the invention and 
/ or according to the method of the second aspect of the 
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invention and applying the active fluorine to a material to be 
cleaned or etched. 

According to a sixth aspect of the invention we provide a 
method of passivating metals by fluorination using active 
fluorine generated using the device of the first aspect of the 
invention and/or using the method of the second aspect of the 
invention . 

The invention will now be described in detail, by way of 
example only, and with reference to the following figures in 
which : - 

Figure 1 is an illustration of a storage unit according to 
the invention; and 

Figure 2 is a schematic diagram illustrating the provision of 
the active fluorine in accordance with the present invention. 

Solid KC1F 4 , within the vessel may be transported and stored 
wherever the active fluorine is required with free active 
fluorine only being generated when there is a demand for such 
gas. The provision of the active fluorine in this way offers a 
number of benefits over the prior art metallic cylinders 
containing active fluorine or sources thereof. Firstly the 
KC1F 4 , is a comparatively stable substance, when compared with 
other active fluorine sources, giving a higher level of safety 
during transport and storage. Its ease of loading into the 
transport means is also increased as cartridges incorporating the 
material, a solid, can be more readily provided. Its 
effectiveness as a source of cleaning gas is also higher than 
prior art sources such as fluorine ions. Equally the materials 
can be employed at room temperatures as a plasma is no longer 
needed. Significantly the active fluorine source is also free of 
carbon materials avoiding CFC formation and release. 

Figure 1 illustrates a cylinder according to an embodiment of 
the invention in which the cylinder 1 is provided at each end 
with a valve 2a, 2b. The solid KC1F 4 , 10, is stored within the 
cylinder 1 and a sintered filter 3 is provided between the solid 
and outlet valve 2a. Heating elements 4 are wrapped around or 
placed against the cylinder 1 and provided with power via leads 
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5. A thermocouple is provided to monitor the heating. Encasing 
the assembly is a layer of thermal insulation 6 which itself is 
contained within a structural safety jacket 7. 

The present invention is exemplified by the generation of 
active fluorine from a device as illustrated in Figure 2. 

In order to obtain the active fluorine gas at the point of 
use, Figure 2, the cylinder 1 is connected to the location of use 
100 via a pipe 102 incorporating a control valve 104. Electrical 
connections are attached to the leads 5 and a power supply 106 
attached. 

Under the control of a heater switch power 104 is introduced 
to the heating elements 4. The KC1F 4 as a consequence is heated 
to a temperature of up to 300°C, and preferably 230°C, by the 
integral heating elements 4. The heating is monitored by the use 
of a thermocouple. At this temperature the solid releases some 
gas and the gas is released into the pipe. The filter in the 
cylinder restrains any solid. The pipe 102 directs the gas to 
the location 100 required. 

The heater switch 104 can be controlled by a signal from a 
pressure monitor 108 connected to the gas outlet pipe 102 to 
maintain steady production. 

Different decomposition temperatures are employed for other 
alkali metal tetraf luorochlorates ; higher temperatures being 
employed for Caesium for instance. 

Embodiment 1 

When the cartridge charged with the granular agent (equivalent of 
lOOg of KC1F 4 ) carrying KC1F 4 on the Ni carrier using the unit of 
this invention as shown in Figure 1 is gradually heated by the 
heater elements 4 from outside with its outlet valve 2a closed, 
the rise of pressure inside the cartridge was observed, and a 
level of 1 kgf/cm 2 was observed at 220°C. When the outlet valve 
2a was opened to allow flowrate of 2ml/min whilst keeping the 
temperature at 240°C, generation of gas was confirmed by a float 
system flow meter. The generation of gas was continued in that 
state. However, when the heater was switched off, a drop in the 
flow rate was observed as the temperature decreased. 
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For information, the cartridge to be charged with the agent 
should preferably be made of heat resistant and ant i -corrosive 
materials such as Monel and Ni , but stainless steel such as SUS 
316L can also be used . 

Embodiment 2 

Gas was generated for a while by the use of the same unit as that 
in Embodiment 1 with the temperature kept at 240°C. Thereafter 
the heater was switched off and disconnected, and the air feed 
cartridge was cooled down from the outside. As a result, the 
outlet pressure became the atmospheric pressure at 220°C / and 
generation of gas stopped. 

When the cartridge was heated again, gas was generated at 
24 0 °C, and the generation pressure increased as the temperature 
rose . 

When the composition on the internal surface of cartridge was 
analyzed after sufficiently replacing the gas inside the 
cartridge with N 2 , after the end of gas generation and returning 
temperature to the room temperature, the material found there was 
only fluorine, except the constituents of stainless steel SUS 
316L which was the cartridge material. Chloride could hardly be 
detected. 

Embodiment 3 

When the cartridge, charged this time with 50g of granular KC1F 4 , 
was gradually heated with the heater from outside, while a high 
purity N 2 was flowed at the rate of 20 ml/minute from its bottom 
side 2b using the same unit as that in Embodiment 1, generation 
of active fluorine was observed at 120°C. 

When the temperature was raised up to 180°C, a rise in 
concentration of relative active fluorine could be observed as 
the temperature rose. The relative concentration of active 
fluorine was measured by detecting hydrogen fluoride using a 
detection tube. 

Examples of the use of active fluorine produced in this way 
and its benefits compared with prior art sources are now 
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exemplified, firstly with reference to the fluorination of steel 
and subsequently with reference to iron, nickel, aluminium, 
magnesium and finally chromium. 

Embodiment 4 

EP 1/2 inch piping made of austenite stainless steel SUS 316L, 
was treated with diluted fluoric acid to removing the natural 
oxidized film, washed with water and dried for use as a test 
piece . 

After moisture was removed by baking at 150°C, again while 
flowing a high purity N 2 stream first, the gas supplied from the 
active fluorine generating unit was flowed at room temperature to 
performing fluorination treatment. For stabilizing the film 
formed on the internal face of SUS 316L at this time, heat 
treatment was made at 350 °C while flowing a high purity N 2 for 
forming a stable passive state film. The film compound was found 
by XDF thin film formation method to be mainly FeF 2 , and it was 
confirmed that the metallic compound (percentage) of SUS 316L 
remained almost unchanged. 

In addition, observation of the surface after sealing with 
water containing 100 wtppm hydrogen bromide applied to the EP 1/2 
inch column, made similarly of SUS 316L, at 50°C for 1 week gave 
no change on visual inspection, nor when observed by the XDF thin 
film method. 

Comparison example 1 

Fluorination of stainless steel SUS 316L. 

EP 1/2 inch pipe made of austenitic stainless steel SUS 316L, 
was treated with the hydrofluoric acid to remove the natural 
oxidized film, washed with water and dried for use as a test 
piece . 

After removing the moisture by baking the test piece at 250°C 
while flowing a high purity N 2 stream first, the high purity 
hydrofluoric acid was flowed at 220°C to perform the fluorination 
treatment. At this time, to stabilize the film formed on the 
internal face of the SUS 316L piping, heat treatment at 350°C 
while flowing a high purity N 2 stream was applied. The film 
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composition was mainly the FeF 2 , which was measured by XDF thin 
film method, and it was confirmed that the metal composition 
(percentage) of SUS 316L remained almost unchanged. 

Further, when the surface of an EP 1/2 inch column made of 
SU3 316L that was prepared similarly was observed after sealing 
with water containing 100 wtppm hydrogen bromide, at 5 0°C for one 
week there was no visible change nor any change of composition 
observed even with the XDF thin film method. 

However, when the fluorination treatment was conducted at the 
same room temperature as that of Embodiment 1, a perfect FeF 2 
film was not formed, and fluorination was found to be 
insufficient . 

Embodiment 5 

Fluorination of iron, nickel, aluminium and magnesium 

Tubes of iron, nickel, aluminium and magnesium of purity of 
99.9% or higher, were respectively treated with diluted 
hydrofluoric acid (then nitric acid + ammonium fluoride for the 
aluminium) to remove the natural oxidized film, washed with water 
and dried for use as the test pieces. 

After removing the water content by baking at 150°C, again 
while flowing a high purity N 2 stream first, the gas supplied 
from the active fluorine generating unit was flowed at room 
temperature to perform the fluorination treatment. In-order to 
stabilize the film formed on the internal face of each metallic 
tube at this time, a stable passive film was formed by heat 
treatment at 3 50°C, while flowing a high purity N 2 stream. The 
film compositions were confirmed to be mainly FeF 2 , NiF 2 , AIF 3 and 
MgF 2 by XDF thin film method. 

Embodiment 6 
Fluorination of chrome. 

A chrome tube of purity of 99.97 or higher, was treated with 
diluted hydrofluoric acid to remove the natural oxidised film, 
washed with water and dried for use as the test piece. ' 

After removing the moisture content by baking at 15 0°C after 
again initially flowing a high purity N 2 stream, the gas supplied 
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together with the high purity N 2 from the active hydrofluoric 
acid generating unit like that in Embodiment 3 was flowed at room 
temperature to perform the fluorination treatment. At this time, 
for stabilizing the film formed on the internal face of the 
chrome tube, a stable passive film was formed by heat treatment 
at 200°C while flowing a high purity N 2 stream. 

The film composition was confirmed to be mainly CrF 3 by the 
XDF thin film method. 

Because chrome produces volatile CrF 5 and splashes under 
fluorination conditions of metal in Embodiment 5, a stable 
passive film can not be formed. 

The use of active fluorine produced by the present invention 
is now illustrated in terms of the etching and cleaning of 
silicon, silicon oxide, silicon nitride and silicon carbide. 
Again comparison with fluorine produced from prior art sources is 
provided . 

Embodiments 7 and 8 

Etching and cleaning of silicon. 

One face of an n-type silicon wafer, which was masked with 
the PMMA-based resin, and cut out tc the size of 5 x 5 mm and 
whose surface, fat /grease/oil , oxidation and stains were removed, 
was used as a test piece . 

The test piece just after its preparation was installed 
inside the plasma CVD unit, and was made to react by introducing 
the undiluted active fluorine at a pressure of 5 Torr at a the 
flow rate of 3 0 SCCM at room temperature with the high frequency 
power source switched off . 

Table 1 shows the result of investigating the reduction in 
mass of silicon for a gas passing time of 60 and 100 minutes. 
The F- in the gas name column indicates the active fluorine 
generated by this invention. 

Comparison Examples 2 to 6 : 
Etching and cleaning of silicon 
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Table 1 shows the result of reacting the fluorine, nitrogen 
trif luoride, carbon tetraf luoride , dicarbonhexaf luoride ; a mixed 
gas of 95% carbon tetraf luoride and 5% oxygen, and a mixed gas of 
5% dicarbonhexf luoride and 5% oxygen for the gas passing time of 
100 minutes under the same conditions and using the same test 
pieces as those of Embodiments 7 and 8. 

Table 1 





Circuit 
Board 


Gas Name 


Gas passing 
time 


Reduction 
mass 


Remarks 


Embodiment 
7 


Si 


F* 


60 min 


16.2 mg 




Embodiment 
8 


Si 


F* 


100 min 


22.5 mg 




Comparison 
example 2 


Si 


F 2 


100 min 


< 0 . 1 mg 




Comparison 
example 3 


Si 


NF 3 


100 min 


< 0 . 1 mg 




Comparison 
example 4 


Si 


CF 4 


100 min 


< 0 . 1 mg 




Comparison 
example 5 


Si 


CF 4 95% + 

0 2 5% 


100 min 


< 0 . 1 mg 




Comparison 
example 6 


Si 


C 2 F 6 95% + 
Q 2 5% 


100 min 


< 0 . 1 mg 





Embodiments 9 to 11 : 

Etching and cleaning of silicon oxide, silicon nitride and 
silicon carbide. 

Layers of silicon oxide, silicon nitride and silicon carbide, 
with a thickness of 10,000 A, were formed respectively on SUS 
316L plates of 100 x 100 x 1mm thickness for use as the test 
pieces . 

The test piece was installed inside the plasma CVD unit and 
reacted by introducing undiluted active fluorine at a pressure of 
5 Torr at a flow rate of 30 SCCM at a temperature of 100°C with 
the high frequency power source switched off. 

Table 2 shows the result of the investigations in terms of 
the reduction in mass of silicon oxide, silicon nitride and 
silicon carbide observed for a gas passing time of 3 minutes. 
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Comparison Examples 7 to 15 

Etching and cleaning of silicon oxide, silicon nitride and 
silicon carbide 

Table 2 shows the result of reacting fluorine, nitrogen 
trifluoride, a mixed gas of 95% carbon tetraf luoride and 5% 
oxygen, and a mixed gas of 5% dicarbon hexafluoride and 5% oxygen 
under the same conditions and for a gas passing time of 100 
minutes as using the same test pieces as those of Embodiments 9 
to 11 . 



Table 2 





Circuit 
Board 


Gas Name 


Gas Passing 
Time 


Reduct ion 
mass 




Embodiment 
9 


Silicon 
oxide 


F* 


3 min 


14.2 mg 


lne circuit ooard 
was partially 
exposed . 


Comparison 
example 7 


Silicon 
oxide 




100 min 


0.3 mg 




fomnari c: on 

example B 


O _L J_ X LUI 1 

oxide 




100 min 


<0 . 1 mg 




Comparison 
example 9 


Silicon 
oxide 


CF« 95% + 

0 2 5% 


100 min 


< 0 . 1 mg 




Embodiment 
10 


Silicon 
nitride 


F* 


3 min 


3 3.7 mg 


The circuit board 
was almost 
entirely exposed. 


Comparison 
example 10 


Silicon 
nitride 


F^ 


100 min 


1 . 4 mg 




Comparison 
example 11 


Silicon 
nitride 


NF 3 


100 min 


< 0 . 1 mg | 




Comparison 
example 12 


Sil icon 
nitride 


CF« 95% + 

O, 5% 


100 min 


< 0 . 1 mg 




Embodiment 
11 


Sil icon 
carbide 


F* 


3 min 


6 . 6 mg 




Comparison 
example 13 


Silicon 
carbide 


F 2 


100 min 


0.1 mg 
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CLAIMS 

1. A device for producing active fluorine comprising :- 

i) a transportable vessel containing a solid alkali metal 
f luorohalate, preferably tetraf luorohalate , 

ii) means for heating the solid alkali metal f luorohalate , 

and 

iii) an outlet from the vessel from which the active fluorine 
gas produced on heating exits the vessel. 

2. A device according to claim 1 in which the alkali metal 
fluorohalate is MXF (n+1) , where M is K, Rb or Cs, X is CI, Br, I 
and n is 1, 3, 5 or 7 . 

3 . A device according to claim 1 or claim 2 in which the 
fluorohalate is KClF 4 or RbClF 4 or CsClF 4 . 

4 . A device according to any of claims 1 to 3 in which the 
transportable vessel is a cylinder which is adapted to be able to 
contain the solid alkali metal tetraf luorohalate . 

5. A device according to any of claims 1 to 4 in which the 
heater is an integral part of the vessel. ■ 

6. A device according to any of claims 1 to 5 in which the 
device is recharged following use. 

7 . A method of providing a source of active fluorine 
comprising : - 

i) generating a solid alkali metal f luorohalates , preferably 
tetraf luorohalate , 

ii) transporting and storing the source as a solid alkali 
metal fluorohalate, and 

iii) heating the fluorohalate at the point of use to generate 
active fluorine gas. 

8. The method of claim 7 in which the active fluorine comprises 
fluorine alone or in combination with any halogen but fluorine, 
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for instance the fluorine may be or may include F, F 2< C1F 3< C1F 
IF S/ BrF 3 or mixtures thereof. 

9. A method according to claim 7 or claim 8 in which the 

the MC1F 4 , (where M equals alkali metal) contained within the 
vessel is heated to a temperature at which the MClF 4 , decomposes 
to form active fluorine gas. 

10. A method according to claim S in which the solid alkali 
metal tetraf luorchlorate is heated to a temperature of at least 
130°C, or at least 180°C. 

11- A method according to any of claims 7 to 10 in which the 

decomposition is carried out in a vacuum or in an. inert gas 
stream or in the presence of active fluorine. 

12. The use of alkali metal f luorohalate , preferably 
tetraf luorohalate, as a transportable and/or storable source of 
active fluorine. 

13. A method of cleaning and/or etching comprising producing 
active fluorine by a device according to any of claims 1 to 6 
and/or according to the method of any of claims 7 to 11 and 
applying the active fluorine to a material to be cleaned or 
etched . 

14. A method according to claim 13 in which the active fluorine 
is used for cleaning chemical vapour deposition equipment and/or 
for removal of silicon and/or germanium and/or copper and/or 
compounds thereof, from semi-conductor manufacturing apparatus, 
liquid crystal manufacturing apparatus or associated accessories 
thereof, and/or for cleaning piping. 

15. A method according to claim 13 or claim 14 in which the 
active fluorine is used for etching silicon, germanium, copper or 
compounds thereof . 



BNSDOCID: <WO 9827005A1 J_> 



WO 98/27005 PCT/GB97/03347 

-15- 

16. A method of passivating metals by fluorination using active 
fluorine generated using the device of any of claims 1 to 6 
and/or using the method of any of claims 7 to 11 . 
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